We analyze the inflation-hedging properties of US stocks, bonds, and T-bills at the subindex level during the 1983 -2012 period, for investment horizons between 1 month and 10 years.
Introduction
Inflation hedging has become particularly relevant for investors in light of the current financial crisis. To circumvent this financial catastrophe, regulators and policy makers have been experimenting with unconventional tools, such as quantitative easing and stimulus packages, which might help overcome the crisis but may also instigate inflation.
A vast literature investigates the inflation-hedging potential of various asset classes, including stocks, bonds, T-bills, commodities, and real estate. 1 These studies consider different sample periods, hedging measures and investment horizons, making it difficult to compare the hedging properties of the various asset classes. Moreover, most studies analyze the hedging properties of aggregate indices. Boudoukh et al. (1994) are among the few to analyze the inflation-hedging capacity of stocks at the industry level. For the 1953 -1990 period they report better long-run hedging ability for stocks in non-cyclical industries, thereby showing that the inflation-hedging properties of subindices and aggregate indices can differ. Similarly, the hedging ability of bonds may differ across maturity, issuer, and risk rating.. The present study therefore extend the literature by systematically analyzing the inflation-hedging behavior of stocks, bonds and T-bills at the subindex level.
Our analysis focuses on the period 1983 -2012, which ensures a relatively homogeneous sample period and sufficient availability of subindex data. Although US inflation rates tend to be lower during the Great Moderation than during the preceding era, we emphasize that inflation hedging is also important with a relatively modest annual inflation rate of say 2%. Although the shortrun effects of such a price increase may seem small and negligible, the long-run erosive effects of this level of inflation on real portfolio returns will turn out substantial. Long-term investors therefore prefer to invest in assets that provide protection against increases in the general price level -especially pension funds, whose liabilities usually rise with inflation. For this reason this study analyzes assets' inflation-hedging properties for investment horizons between 1 month and 10 years.
Although we opt for a relatively homogenous sample period with respect to inflationary regimes, we apply rolling-window and subsample approaches to deal with any remaining parameter instability. Several studies have shown that sustained periods of high (expected) inflation adversely affect real activity and lower stock returns (Barnes et al. 1999) . However, in a relatively stable inflationary environment such as the Great Moderation, low expected inflation rates are more likely to reflect negative demand shocks (and vice versa) . Under such conditions, low inflation rates go hand in hand with low stock returns particularly in the cyclical industries. After the fall of Lehman Brothers in 2008 -which marked the start of the recent global economic crisis -several months of low stock returns and low inflation rates followed this negative demand shock. We may therefore expect a change in the inflation-hedging properties of stocks as of then. To substantiate these expectations, the present study analyzes the inflation-hedging properties of stocks, bonds, and T-bill subindices over time and particularly before and after start of the global economic crisis.
By definition an inflation-linked bond bond is a hedge against inflation, as exemplified by the Treasury inflation-protected securities issued by the US government. However, it is less clear for other assets if and to what extent they act as inflation hedges. This study uses the correlation coefficient as the main hedging measure (Bodie 1976 , Hoevenaars et al. 2008 ), but we perform robustness checks involving alternative measures such as the widely used Fisher coefficient, which will turn out to confirm our results based on the correlation. Because of the possible trade-off between the hedging capacity of an asset and its expected real return, we also quantify the cost of hedging (Bodie 1976) . We use a vector autoregressive (VAR) model to specify the relation between inflation rates and asset returns and to estimate the multi-period hedging measures. The VAR approach allows us to assess the long-horizon properties of asset returns without the use of overlapping data; see e.g. Hoevenaars et al. (2008) . It is evident that long-horizon hedging measures may be subject to substantial estimation uncertainty. We therefore quantify this uncertainty by providing confidence intervals in addition to the point estimates of the hedging measures. These confidence intervals are used to assess the statistical significance of an asset's hedging capacity.
Our results show the that the extent to which investors can benefit from the hedging ability of stocks and bonds varies over time and across industries, maturities and investment horizons. Bonds other than T-bills -with maturities of one year and longer -turn out poor inflation hedges during the entire sample period, regardless of the investment horizon. Stocks in both cyclical and noncyclical industries had no hedging ability until the fall of Lehman Brothers in September 2008.
But from that moment on, equity subindices particularly in the cyclical industries developed statistically significant hedging ability, even in the short run. Especially stocks in (sub)sectors related to oil and gas, utilities, basic materials, industrials, and financials have relatively favorable hedging properties when the months after September 2008 are taken into account. We contribute the recent hedging ability of stocks to the current economic environment in which low inflation rates tend to reflect negative demand shocks. Although the hedging capacity of the aforementioned subindices turns out statistically significant, its economic significance is at best modest in comparison with 3-month T-bills.
The remainder of this paper is organized as follows. Section 2 reviews the literature on the inflation-hedging properties of stocks, bonds, and T-bills. Section 3 describes the methodology, followed by a data description in Section 4. The empirical results for the full sample are discussed in Section 5, while Section 6 analyzes the changes in the hedging capacity over time using a rolling-window analysis. Some robustness checks follow in Section 7. Finally, Section 8 concludes.
Literature review
This section starts with a discussion of the Fisher hypothesis, after which we review relevant literature about the inflation-hedging properties of stocks, bonds, and T-bills.
Fisher hypothesis
A substantial part of the literature on inflation hedging defines a good inflation hedge as an asset for which the Fisher hypothesis holds. Fisher (1930) postulated that the nominal k-period interest rate on a k-period nominally risk-free bond is equal to the sum of the expected real interest rate and the expected inflation rate for the same period. According to Fisher (1930) , the real and monetary sectors in an economy are largely independent, which means that expected real rates and expected inflation are unrelated. Consequently, the Fisher hypothesis is equivalent to saying that nominal interest rates move in parallel with expected inflation -often formulated by stating that expected real interest rates are statistically uncorrelated with expected inflation. The proposition that ex ante nominal returns contain the market's perception of expected inflation rates can be applied to all assets.
Stocks
Stocks are by far the most widely studied asset class in the literature about inflation hedging.
Using the argument that stocks are claims to real assets, the Fisher hypothesis was widely believed to hold for returns on common stocks until the early seventies. Assuming rational expectations about future inflation, stocks were considered to be a good inflation hedge. Holders of common stock would be, on average, compensated for price level movements. This 'accepted dogma' was subjected to serious empirical scrutiny only after the subsequent episode of soaring inflation rates and poor stock market performance. Instead of being an inflation hedge, stock returns turned out to be negatively correlated with expected inflation in the short run; only for long-run investment horizons there was evidence for a Fisher effect. 2 The literature has provided various explanations for the negative effect of inflation rates on stock returns that several studies report for short-term investment horizons. Among these explanations are the proxy hypothesis (Fama 1981 , Kaul 1987 , the money illusion hypothesis (Modigliani & Cohn 1979) , and informational frictions (Barnes et al. 1999) .
Most studies analyzing the inflation-hedging capacity of stocks are based on equity indices that represent the aggregate stock market. Boudoukh et al. (1994) -a notable exception -analyze the hedging capacity of US stocks at the industry level during the 1953 -1990 period. Accounting for differences across industries is important in the light of, for example, the proxy hypothesis (Fama 1981 , Kaul 1987 . This hypothesis is based on the assumption that stock prices are driven by a company's future earnings potential. If the inflation rate is negatively correlated with the economy's expected future output (and thereby with the company's expected future growth rate), then the inflation rate will act as a proxy for future real output. This results in a spurious negative relation between stock returns and inflation rates. To the extent that expected inflation is correlated with the economy's aggregate output, the correlation should vary between cyclical and non-cyclical industries. Boudoukh et al. (1994) analyze the relation between stock returns and ex-2 See e.g. Fama & Schwert (1977) , Solnik (1983), and Gultekin (1983) for evidence of a negative Fisher effect in the short run and Boudoukh & Richardson (1993) , Barnes et al. (1999) , Schotman & Schweitzer (2000) , Campbell & Vuolteenaho (2004) , Hoevenaars et al. (2008) , Amenc et al. (2009), and Schmeling & Schrimpf (2011) for evidence of a positive Fisher effect in the long run. pected inflation rates on an industry basis. They find a more positive long-run relation between stock returns and expected inflation for stocks in non-cyclical industries.
The analysis of Boudoukh et al. (1994) illustrates that the hedging properties of subindices and aggregate indices may differ. This result is our main motivation for analyzing the short-run and long-run hedging ability of 146 US stock indices (145 subindices and one aggregate index), covering a finer grid of industries than the aforementioned study.
Bonds
When applied to nominally risk-free bonds, the Fisher hypothesis states that the nominal interest rate in any period is equal to the sum of the expected real interest rate and the expected inflation rate during the same period. Short-term bonds such as T-bills can indeed rapidly adjust to changes in expected inflation. But as a consequence of their flexibility, short-term bonds rates may not contain an inflation risk premium and turn out poor hedges against unexpected inflation. Hence, the maturity of the bond, in relation to the holding period, may affect the extent to which the Fisher hypothesis holds. Specifically, long-term returns based on rolling forward short-term bond contracts are less likely to reject the Fisher hypothesis with respect to long-run expected inflation than interest rates based on holding a long-term bond until maturity (Fama & Schwert 1977) . Bekaert & Wang (2010) show that the hedging ability of 3-month US T-bills with respect to expected inflation increases with the investment horizon. Similar results are found by Hoevenaars et al. in the aforementioned studies vary with respect to sample period, maturity, issuer, and risk rating, which may account for the observed differences in hedging ability.
Because a bond's maturity in relation to the investment horizon is expected to influence its response to inflation, this study will assess the hedging properties of bonds with respect to both the maturity and the holding period. Furthermore, we will systematically analyze the hedging capacity of bonds in relation to risk rating and issuer. In total, we will investigate 98 US bond indices (97 subindices and one aggregate index).
Methodology
This section discusses the hedging measures that we use to assess the inflation-hedging properties of stock, bonds, and T-bills. We also explain how we estimate the multi-period hedging measures and corresponding confidence intervals.
Hedging measures
Apart from the Fisher coefficient (Fama & Schwert 1977) as discussed in Section 2, several other hedging measures have been proposed in the literature. Bodie (1976) introduces the hedge ratio and the associated cost of hedging. In a later study, he adopts the equivalent Pearson correlation between inflation rates and asset returns as an inflation-hedging measure (Bodie 1982). Schotman & Schweitzer (2000) propose the hedging demand, which is closely related to the inflationtracking approach proposed by Lamont (2001) . These four hedging measures have in common that they assess the hedging capacity of an asset on a stand-alone basis; i.e., using only asset returns and inflation rates. They have been used in the literature as a tool for doing a quick scan of an asset's hedging ability. Their popularity can be explained from their relative simplicity and modest data requirements. Both the Fisher coefficient and the hedging demand can be written as the product of a positive scalar and the correlation coefficient and therefore have the same sign as the latter hedging measure.
The advantage of the correlation as a hedging measure is twofold. As explained in Bodie (1982) , this measure is grounded in mean-variance investment theory. The squared correlation coefficient reflects the maximum possible decrease in the k-period real-return variance of a portfolio consisting of k-period nominally risk-free bonds, realized by adding the risky asset to the nominal bonds. Moreover, the correlation coefficient is scale-free and can be used to compare the hedging capacity across assets, sample periods, and investment horizons. Other hedging measures are scale dependent and do not allow for a comparison of the hedging ability across different dimensions.
Because of the possible trade-off between the hedging capacity of an asset and its expected real return, Bodie (1976) also considers the cost of hedging C . These costs reflect the minimum possible decrease in expected real return incurred by adding the risky asset to a portfolio consisting of nominal bonds only.
We follow Bodie (1982) and use the correlation between k-period nominal asset returns and inflation rates as a measure for the hedging capacity of a risky asset. The correlation has also been used in more recent work, see e.g. Hoevenaars et al. (2008) . We consider the correlation jointly with Bodie (1976) cost of hedging. Assets are considered better hedges against inflation the higher the correlation of their returns with inflation and the lower their costs of hedging. In a later stage, we will calculate the Fisher coefficient and the hedging demand as a robustness check on our results. The latter inflation-hedging measures will turn out to confirm our findings based on the correlation.
Our data sample (to be discussed in Section 4) covers almost 30 years of monthly data. It thus contains too few non-overlapping long-horizon returns to reliably estimate long-term hedging measures. We therefore opt for a VAR-based approach to estimate the hedging measures. As explained in Hodrick (1992) , VAR models are a convenient tool for long-horizon measurement and inference. Motivated by Wold's decomposition theorem, these models provide a flexible way to model the relation between inflation rates and asset returns and avoid the statistical difficulties related to using overlapping returns. VAR models have been used widely in other studies to obtain multi-period hedging measures, such as Schotman & Schweitzer (2000) and Hoevenaars et al. (2008) .
VAR model
We consider simple k-period asset returns and inflation rates. We denote the nominal k-period asset return from time t to time t C k as R .k/ t . Real returns over the same interval are denoted by r .k/ t . The k-period real return on a nominally riskless bond is r .k/ b;t and the k-period real return on a portfolio is denoted by r .k/ p;t . The inflation rate from time t to t C k is .k/ t . We use a reducedform VAR.p; q/ model to specify the dynamics between nominal one-period simple asset returns (R t C1 ) and one-period inflation rates ( tC1 ):
Thus." 1;t / and ." 2;t / are mutually and serially uncorrelated error terms, with IEOE" 1;t D IEOE" 2;t D 0 and conditional covariance matrix † t 1 D IE t 1 OE" 1;t " 2;t . Consistent (OLS) estimation of the VAR model does not require any assumptions about conditional heteroskedasticity. We will come back to this issue in Section 3.3.
Although it is possible to extend the VAR model with additional predictor variables to improve the goodness of fit, we confine the present analysis to the bivariate VAR model of Equation (1). We do this because the hedging measures under consideration are designed as stand-alone measures, using only asset returns and inflation rates to assess the hedging capacity.
Estimation of hedging measures and confidence bounds
We use the estimated VAR model to calculate the (multi-period) hedging measures of Section 3 in the following way. We estimate a bivariate VAR model for monthly asset returns and inflation rates. Subsequently, we recursively simulate long series of monthly asset returns and inflation rates under specific distributional assumptions regarding the VAR errors (while maintaining the contemporaneous correlation between the errors of the return and inflation equations). We use the simulated series to construct non-overlapping multi-period asset returns and inflation rates. 3 For the square of the correlation coefficient to be interpreted as the reduction in real return variance realized by adding the asset to a portfolio of nominal bonds only, we have to use simple (instead of continuously compounded) asset returns and inflation rates. The gross multi-period asset returns and inflation rates are obtained as the product of the one-period gross returns and inflation rates. Because the multi-period returns arise as a product, they are non-linear Because the simulated asset returns and inflation rates are based on an estimated VAR model, the resulting estimates of the single-period and multi-period correlations are subject to parameter uncertainty. They are also subject to sampling uncertainty, because we estimate the correlation using simulation (see above). We estimate 95% confidence intervals for parameter and sampling uncertainty for the single-period and multi-period correlations by means of a bootstrap. Each of the B D 1; 000 bootstrap runs consists of the following steps. We generate VAR model residuals according to a wild bootstrap (Mammen 1993), which we use to recursively generate new series of monthly asset returns and inflation rates with the same series length as the original sample. Next, we estimate the VAR model by means of OLS per equation, using the newly generated asset returns and inflation rates. We use the estimated VAR model to calculate the single-period and multiperiod correlations as described above. The wild bootstrap is robust against heteroskedasticity of unknown form, including conditional heteroskedasticity of the GARCH type Gonçalves & Lutz (2004) . Finally, we use the percentile method to obtain the 95% confidence intervals.
The first part of our analysis focuses on the hedging ability of stocks, bonds, and T-bills with respect to total (ex-post) inflation. Section 5 presents an additional analysis that distinguishes between expected and unexpected inflation using a simple proxy of expected inflation.
The hedging measures of Section 3 are defined in terms of conditional expectations, variances, and covariances. In line with previous studies such as Hoevenaars et al. (2008) , we calculate unconditional hedging measures, which does not change the essence of our analysis and facilitates comparisons with existing studies.
Data
We use monthly total return indices for all asset classes. Several considerations play a role in selecting the sample period. Although the economic literature has shown that it is reasonable to model inflation as a mean-reverting process, both the average level of inflation and the volatility of the inflation process differ considerably over subperiods. The differences between the Great Moderation (starting in the mid-1980s) and the previous inflationary period are particularly large (Stock & Watson 2006) . The past decades that were characterized by relatively high inflation rates functions of the model parameters.
are no longer representative for the current economic climate. To avoid the problem of structural change in our data sample and to ensure that we consider a representative data period, we confine our analysis to the years 1983 -2012. We also mention the trade-off between the length of the sample period and the number of return series available for analysis. The 1983 -2012 period offers a fairly large amount of US stock, bond, and T-bill indices for analysis. As emphasized in the introduction, inflation hedging is also highly relevant during the Great Moderation (particularly for long-term investors such as pension funds), when inflation rates tend to be relatively moderate.
Stocks and bonds
The stock returns used in most existing studies are calculated from an index representing the aggregate market, for instance, the S&P 500 or Dow Jones Industrial Average index. Apart from an aggregate equity index, we also consider the 145 equity subindices available in Datastream.
The details of the stock data used in this study are provided in Appendix A.
There is a wide array of investment options available for investing in fixed income securities.
These investments can be classified in terms of risk rating, maturities, and issuer. We use 96 Citigroup indices to analyze the hedging capacity of bonds. The bonds included in these indices are US Treasury, government agency, corporate, and mortgage-backed securities. They have a maturity between 1 -30 years and a risk rating of at least BBB or Baa3. Because the Citigroup indices are not available for bond maturities less than one year, we also use the BofA Merrill Lynch US 3-month and 6-month T-bill indices. 4 Appendix A provides the details of the various bond indices used in the present analysis.
Inflation and yield curve
The inflation rate is based on the US seasonally corrected all urban consumer price index (CPI), provided by the Bureau of Labor Statistics. This series has also been downloaded from Datastream. 5 We focus on investment horizons of 1 and 6 months and of 1, 2, 3, 4, 5, and 10 years. To calculate the cost of hedging, we need the average yields during the sample period for risk-free bills and bonds with maturities between 1 month and 10 years. For this purpose we use average T-bill rates (for maturities of 1 and 6 months) and average Treasury Constant Maturity rates (for maturities between 1 and 10 years). 6 Of course, the costs of hedging will crucially depend on the presumed yield curve. Because the average yield on nominally risk-free bills and bonds shows a decreasing trend during the sample, the resulting costs of hedging will turn out higher than they would have been in the current period (with historically low risk-free yields).
Sample statistics
The left panel of Table 1 provides sample statistics for monthly inflation rates and nominal asset returns on the aggregate stock, bond, and T-bill indices. Table 1 The return volatility of the aggregate bond index is low relative to its mean. The return volatility of the 1-year T-bill index is high in comparison with the other two T-bill indices, reflecting that longer maturity T-bills are more sensitive to changes in interest rates.
Augmented Dickey-Fuller and Philips-Perron unit root tests reject the null hypothesis that the log of the CPI has a unit root at a 10% significance level. If we run Johansen cointegration tests anyhow, these tests indicate no cointegration between asset prices and the CPI at the 5% level.
These results legitimate our use of VAR models to capture the dynamics between asset returns and inflation rates.
Empirical results
This section reports and interprets the estimated hedging measures for the various indices under consideration.
VAR models
For each return series, we estimate the bivariate VAR model of Equation (1) by means of OLS per equation. We use a lag length of 2 on the basis of the Akaike criterion. 7 Table 2 displays the estimation results for the aggregate stock, bond, and T-bill total return indices. The equation for the inflation rate has a relatively high adjusted R 2 of around 0.20. As expected, the adjusted R 2 corresponding to the return equation is generally low. Only for the 3-month and 6-month T-bill the adjusted R 2 of the return equation is relatively high.
Aggregate indices
Throughout, we report the hedging measures together with 95% confidence intervals. We use the confidence intervals to assess the significance of the hedging measures. If 0 lies in the confidence interval, then the hedging measure does not significantly differ from 0 at a 5% significance level.
The first panel of Table 3 shows that the correlation between the returns on the aggregate stock index and the inflation rate is not significant, regardless of the investment horizon. For each of the three T-bill indices, the correlation tends to increase with the investment horizon. This pattern reflects better hedging ability in the long run. For a 10-year investment horizon, the squared correlation corresponding to the 3-month T-bill index equals almost 70%. This means that about 70% of the real-return variance of the nominally risk-free bond can potentially be eliminated by adding the 3-month T-bill index to a portfolio of nominally risk-free bonds. The T-bill indices are rebalanced every month and do generally not hold the bond or T-bill until maturity. As already noticed by Fama & Schwert (1977) , rolling forward bond contracts is expected to result in a more effective inflation-hedging strategy than holding the bond until maturity, particularly for long horizons.
From Table 3 it becomes clear that the hedging ability decreases with the maturity of the T-bill.
The total return on the bond index captures coupon payments and changes in the bond price. Prices of existing bonds respond to changes in the nominal interest rates on newly issued bonds. Even if the Fisher hypothesis is not true in its strongest form, we would expect that a rise in (expected) inflation leads to an increase in current interest rates and thereby in a decrease in the prices of existing bonds. Longer-maturity bonds are generally more sensitive to changes in current interest rates than shorter-maturity bonds. Because of the stronger price effect for longer-maturity bonds, we would indeed expect that the correlation between total returns and inflation rates is weaker the longer the maturity of the bond. Table 3 also reports the estimated costs of hedging (assuming the yield curve described in Section 4), expressed in percentage points. The T-bill indices involve significant costs of hedging. 8 They are particularly substantial for the 3-month T-bill. The positive costs of hedging indicate that rolling forward T-bills over an k-period horizon leads to a lower expected return than holding a k-period bond until maturity. Whether or not investors are willing to sacrifice part of their expected return in exchange for (partial) immunization against inflation risk depends on their risk preferences. Table 4 lists the equity subindices with significant hedging ability, in relation to the investment horizon. Particularly stocks related to oil and gas, utilities, basic materials, industrials, and financials (including real estate) turn out to have good hedging properties. Most subindices with significant hedging ability are of level IV or V, which indicates the sector and subsector level of the Industry Classification Benchmark (see Appendix A). Indices not listed in Table 4 Our most prominent finding is that certain equity indices have significant hedging ability, even in the short-run. This result contradicts earlier studies that report significant hedging ability for stocks in the long run only, if any. However, we emphasize that there is a difference between statistically significant and economically relevant hedging ability. For example, there are equity subindices with significant hedging ability for a 1-month investment horizon. Nevertheless, the economic relevance of such statistically significant hedging ability is minor. For example, the Gas Distributors (GASDS) subindex has a correlation of 0.11 for a 1-month investment horizon (see Table B .1), corresponding to a maximum possible reduction in real-return variance of slightly more than 1%. Of course, the economic relevance of the variance reduction depends on investor preferences. But a 1% reduction in real-return variance seems modest in comparison with the reductions that are achieved for longer investment horizons or other assets.
Subindices: equity
Our analysis makes clear that the hedging ability of aggregate stock indices may differ from that of equity subindices. There are a few other studies that analyze the hedging ability of stocks at the industry level. For example, our finding that indirect real estate has favorable hedging properties confirms previous studies such as Park et al. (1990) . Our results are not in line with Boudoukh et al. (1994) , however. As mentioned in Section 2, Boudoukh et al. (1994) find that stocks in non-cyclical industries have better inflation-hedging properties than stocks in cyclical industries. They also find that stocks in non-cyclical industries have significant hedging capacity in the long run only. By contrast, we observe significant hedging ability for several cyclical industries (such as energy), even in the short run. Apart from some methodological differences and our finer grid of industries, the most notable difference between their and our study is the sample period. We consider the 1983 -2012 period (a relatively stable period in terms of inflation rates), whereas Boudoukh et al. (1994) analyze the years 1953 -1990 . Several studies have shown that sustained periods of high (expected) inflation adversely affect real activity and lower stock returns (e.g., Barnes et al. (1999) ). However, in a relatively stable inflationary environment such as the Great Moderation, low expected inflation rates are more likely to reflect negative demand shocks (and vice versa). In such a scenario, low inflation rates go hand in hand with low stock returns in particularly the cyclical industries. We will come back to this issue in Section 6, where we study the time-varying hedging properties of stocks in more detail.
Subindices: bonds
None of the bond subindices exhibits significant correlation with inflation. This means that the bond subindices have no significant hedging ability. The estimation results for the individual bond subindices can be found in Table B .3 of Appendix B.
All Citigroup bond indices contain bonds with maturities between 1 -30 years. The analysis in Section 5.2 made clear that the hedging ability of the T-bill indices decreases with the maturity of the constituent T-bills, which we contributed to the more negative response of longer-maturity bond prices to an increase in the inflation rate. The relatively long maturity of the bonds included in the Citigroup indices may partly account for their unfavorable hedging properties.
Rolling-window and subsample estimates
We have analyzed the hedging ability of stocks, bonds, and T-bills during the period January 1983 -February 2012. The hedging measures estimated over the full sample period reflect the average hedging ability during this 29-year period. It is likely that the assets' hedging ability has not been constant during the past decades. We therefore apply a rolling-window approach to explore the changes in the hedging capacity of the aggregate indices over time. We use a rolling-window width of 10 years, selected by eyeballing. Too small a window results in erratic patterns in the correlation over time, but too large a window yields too little variation over time. Eyeballing makes clear that a window width of 10 years works well. This event was followed by several months of low stock returns and low inflation rates (occasionally even deflation). The low stock returns and low inflation rates were a direct consequence of the weakening of the global economy and the associated negative demand shock. The parallel movement in stock returns and inflation rates resulted in a substantial increase in the correlation coefficient as measured over a 10-year period.
To assess the impact of the fall of Lehman Brothers in more detail, we have also estimated the hedging ability of the various stock indices under consideration during the period prior to the fall of Lehman Brothers (i.e., January 1983 -September 2008). The stock subindices that have significant hedging ability during the full sample period turn out to have substantially less hedging capacity during the subperiod, which is consistent with the rolling-window analysis. Only four subindices show statistically significant but economically marginal hedging ability during the subperiod (Mining; Marine Transportation; Gas, Water and Multi-Utilities; Gas Distributors).
In Section 5.3 we argued that in a relatively stable inflationary environment such as the Great Moderation, low expected inflation rates are more likely to reflect negative demand shocks. Our rolling-window analysis confirms that low inflation rates go hand in hand with low stock returns in particularly the cyclical industries, but only as of September 2008. Hence, the positive hedging ability of stocks is a relatively recent phenomenon. It may be a transient effect caused extreme values of stock returns and inflation rates since the fall of Lehman Brothers. as a side result, our empirical analysis illustrates that stocks were better hedges against inflation during the period prior to the Great Moderation (Boudoukh et al. 1994 ) than during the years 1983 -2008, despite relatively high and volatile inflation rates during the former period.
According to Figure 1 , the correlation between the returns on the Citigroup aggregate bond index and the inflation rate is relatively stable over time. This correlation also peaks when the observations around the fall of Lehman Brothers are included, which is a consequence of strongly negative bond returns and inflation rates around that time. However, this peak is smaller and does not persist; the correlation measured over a 10-year horizon becomes negative again shortly there- 
Robustness checks
In this section we run several robustness checks to verify the results obtained in Section 5.
Alternative hedging measures
We calculate two alternative stand-alone and asset-only measures for the aggregate stock, bond, and T-bill indices. These measures are the Fisher coefficient and Schotman & Schweitzer (2000) hedging demand. According to Fama & Schwert (1977) , an asset is a complete hedge against inflation if its Fisher coefficient (denotedˇ) is not significantly different from 1. Schotman & Schweitzer (2000) argue that an asset provides protection against inflation if the hedging demand (denoted ) is significantly different from 0.
We calculate the multi-period versions of the two alternative hedging measures in a similar way as before, using the VAR-model of Section 3. Again we use a wild bootstrap to obtain confidence intervals. The results are reported in Table 6 . The general pattern that emerges from this table is the same as before: the aggregate stock and bond indices do not have significant hedging capacity, unlike the T-bill indices that have significant hedging ability.
Expected and unexpected inflation
Throughout, we have established the hedging ability of stocks, bonds, and T-bills with respect to total inflation. Our analysis will benefit from a distinction between expected and unexpected inflation. For example, an asset could have a zero correlation with total inflation, because its return correlates positively with expected inflation and negatively with unexpected inflation, or vice versa. 9 Similarly, when a particular asset has a higher correlation with total inflation than another asset, we may want to know whether the higher correlation stems from expected or unexpected inflation. In line with Bekaert & Wang (2010), we use the previous period's inflation rate as a simple proxy of expected inflation. 10 This choice is motivated by the positive autocorrelation observed in realized inflation rates. We calculate unexpected inflation as the one-period difference in inflation.
Instead of focusing on the numerical results based on these proxies, we look at the main pattern in the results, assuming that these proxies are at least able to pick up some trends. We summarize these trends in this section; more detailed results are available in Table B .4 of Appendix B.
The hedging ability of the relevant stock subindices stems from the correlation between their returns and unexpected inflation. The latter result is opposite to what is found by Boudoukh et al.
(1994), which we contribute again to the sample period (to be discussed in more detail in Section 6). The returns on the aggregate stock index do neither correlate significantly with expected inflation, nor with unexpected inflation. The same holds for the aggregate bond index. The returns on the 3-month T-bill index, by contrast, correlate significantly with expected inflation regardless 9 That is, the correlation between asset returns r .k/ t and total inflation t is a weighted sum of the correlation between assets returns and expected inflation .k/ e;t / .
.k/ e;t /= .
.k/ u;t / .
.k/ u;t /= .
.k/ t /. 10 Ang et al. (2007) compare one-year ahead inflation forecasts and show that survey-based forecasts outperform other forecasts. For the US, the Survey of Professional Forecasters provides inflation forecasts, but only on a quarterly frequency. We use monthly data, due to which we cannot use the quarterly forecasts. Apart from the forecast frequency there are also problems related to the sample period and the availability of multi-period forecasts of expected inflation. For this reason we use the simple poxy of expected inflation as outlined in the main text.
of the investment horizon. They also correlate significantly with unexpected inflation for investment horizons of four years and longer. The correlation of T-bill returns with particularly expected inflation decreases with the maturity of the bill and becomes even insignificant for the 1-year T-bill index (with exception of the 6-month and 1-year investment horizons). The return on the 6-month T-bill index correlates significantly with expected inflation in the short and medium run only. Here we observe again the effect that we also noticed in Section 5.2, namely that the prices of longer-maturity bonds are more sensitive to changes in (expected) inflation than shorter-maturity bonds.
Conclusions
The goal of this paper was to study the short-run, medium-run, and long-run inflation-hedging properties US stocks, bonds, and T-bills at the subindex level. In total, we have analyzed 145 equity subindices covering various industries and 98 fixed-income subindices representing different maturities, risk ratings and issuers.
Where the literature has generally found stocks to be a long-run hedge against inflation during the era prior to the Great Moderation (particularly the seventies), we find that stocks had no significant hedging ability during the 1983 -2008 period. Only after the fall of Lehman Brothers -an event that was followed by several months of low stock returns and low inflation ratesparticularly stocks in cyclical industries developed statistically significant but economically modest hedging ability, even in the short run. Especially stocks in (sub)sectors related to oil and gas, utilities, basic materials, industrials, and financials have relatively favorable hedging properties when the months after September 2008 are taken into account. 3-month T-bills have good hedging properties (although they may give rise to significant costs of hedging), but bonds with maturities of one year and longer turn out poor inflation hedges during the entire sample period.
The hedging ability of both stocks, bonds, and T-bills exhibits substantial variation over time.
This holds particularly for the stock subindices with significant hedging ability. Their significant hedging capacity was found to be a relatively recent phenomenon, which we contribute to the current economic environment in which low inflation rates tend to reflect negative demand shocks.
It is not clear yet whether the significant hedging ability of the equity subindices will persist over time. In any case, our results emphasize the importance of allowing for time-variation in assets' hedging ability.
As a next step, we could analyze the hedging ability of an asset when it is added to a portfolio consisting of multiple assets. In order to do so, we have to distinguish between the two causes of a decrease in real-return variance: diversification effects and inflation-hedging ability. We leave this as a direction for further research. 
Notes:
This table displays the estimation results for Equation (1), applied to the returns on the aggregate stock, bond, and T-bill indices. Estimation of the VAR models relies on OLS per equation. The standard errors are based on White's heteroskedasticity robust covariance matrix. Notes: This table displays the correlation ( ) between the inflation rate and the returns on the aggregate stock, bond, and T-bill indices. The investment horizon ranges from 1 month until 10 years. Also the costs of hedging (C ) are provided and expressed as percentages. Apart from point estimates, we report lower (L) and upper (U) bounds of 95% confidence intervals, which are based on B D 1; 000 bootstrap runs. 
A Data
For all return series we use the data type 'RI', standing for total return index. Total return indices incorporate factors such as capital gains, dividends and coupon payments into the overall return of an asset. Tables A.1 outstanding T-bill that matures closest to, but not beyond, three months from the rebalancing date.
To qualify for selection, an issue must have settled on or before the month-end. While the index will often hold the T-bill issued at the most recent or prior three-month auction, it is also possible for a seasoned 6-month or 1-year T-bill to be selected. 12 The Datastream mnemonic is MLUS3MT.
The BofA Merrill Lynch US 6-month T-bill index (mnemonic MLUS6MT) is constructed in a similar way. The Citigroup 1-year T-bill index has Datastream mnemonic SBTSY1B.
12 Source:http://www.bofacapital.com/Publish/Content/application/pdf/GWMOL/UpdatingYourInvestmentPolicyWhitePaper.pdf. The equity subindices are divided into four groups on the basis of their hedging ability; see Ta 
B.2 Bond indices
For a selection of bond indices, the top half of Table B .3 displays the correlation coefficient and the lower half reports the costs of hedging. None of the subindices listed in Table B .3 exhibits significant correlation with inflation. This also holds for the bond indices that are not listed in Table B .3. 13 Table B .4 reports the correlation between the returns on the aggregate indices (for stocks, bonds, T-bills, and commodity futures) and expected and unexpected inflation. As usual, the lower and upper bounds of a 95% confidence interval are also supplied. 13 The results for the remaining equity and bond indices are available upon request. 
B.3 Expected and unexpected inflation

Notes:
The upper panel of this table displays the correlation ( ) between the inflation rate and the returns on selected equity subindices, for investment horizons ranging from 1 month until 10 years. The lower panel reports the costs of hedging (C ), expressed as percentages. Apart from point estimates, we report lower (L) and upper (U) bounds of 95% confidence intervals, which are based on B D 1; 000 bootstrap runs. The subindices are denoted by their Datastream mnemonics, as listed in Table A1 of the paper. To find a particular subindex in Table A .1, the letters US have to be added to the mnemonic. For instance, the series COALM is listed as COALMUS in Table A 
The upper part of this table displays the correlation ( ) between the inflation rate and the returns on selected bond subindices, for investment horizons ranging from 1 month until 10 years. The lower panel reports the costs of hedging (C ), expressed as percentages. Apart from point estimates, we report lower (L) and upper (U) bounds of 95% confidence intervals, which are based on B D 1; 000 bootstrap runs. The subindices are denoted by their Datastream mnemonics, listed in Table A2 of the paper. To find a particular subindex in Table A2 , the letters SB have to be added to the mnemonics. For instance, the series C3B13 is listed as SBC3B13 in Table A 
